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(57) ABSTRACT 
An electrically assisted turbocharger (1) comprising a hous 
ing (3) and an electric motor Stator (22) disposed in the 
housing (3). The stator (22) includes a pair of o-rings, or other 
circumferential seals (204, 208), disposed therearound. The 
o-rings (204, 208) are operative to seal against an interior of 
the housing (3) to form an annular chamber (130) around at 
least a portion of the stator (22) and a pair of end cavities (122. 
126) at the axial ends of the stator (22). The annular chamber 
(130) is adapted to allow the circulation of a cooling fluid 
around the stator (22). A pair of bearings (10, 12) may be 
disposed in the housing (3), one on each side of the stator (22). 
A shaft (7) is supported in the housing (3) by the bearings (10. 
12). The shaft (7) in tum supports a turbine wheel (5) and a 
compressor wheel. An electric motor rotor (24) is disposed on 
the shaft (7) between the bearings (10, 12) and inside the 
stator (22). 
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ELECTRICALLY ASSISTED 
TURBOCHARGER 

BACKGROUND 

0001 Today’s internal combustion engines must meet 
ever stricter emissions and efficiency standards demanded by 
consumers and government regulatory agencies. Accord 
ingly, automotive manufacturers and Suppliers expend great 
effort and capital in researching and developing technology to 
improve the operation of the internal combustion engine. 
Turbochargers are one area of engine development that is of 
particular interest in this case. 
0002. A turbocharger uses exhaust gas energy, which 
would normally be wasted, to drive a turbine. The turbine is 
mounted to a shaft that in turn drives a compressor. The 
turbine converts the heat and kinetic energy of the exhaust 
into rotational power that drives the compressor. The objec 
tive of a turbocharger is to improve the engine's Volumetric 
efficiency by increasing the density of the air entering the 
engine. The compressor draws in ambient air and compresses 
it into the intake manifold and ultimately the cylinders. Thus, 
a greater mass of air enters the cylinders on eachintake stroke. 
0003. When a turbocharger is sized to provide maximum 
power output for a particular engine, the turbocharger's low 
load and transient response performance is generally less than 
optimal. A turbocharger's compressor performance is depen 
dent on the compressor speed. In order for the compressor to 
rotate fast enough to provide significant compression, or 
boost, to the engine, there must be a corresponding increase in 
exhaust gas flow. However, there is a time delay while the 
exhaust gases build up and the inertia of the turbine and 
compressor wheel assembly is overcome. This time delay 
between the engine's demand for boost and the actual 
increase in manifold pressure is often referred to as turbo lag. 
0004 To help overcome the problems of turbo lag and 
low-load performance, electrically-assisted turbochargers 
have been developed. Electrically-assisted turbochargers 
include an electric motor that is operative to Supplement the 
rotational power derived from the exhaust during low-load 
and transient conditions. Typically, the motor is connected to 
the same shaft that carries the turbine and compressor wheels. 
In some cases, the motor's rotor magnets are carried directly 
on the shaft, while the stator is contained within the turbo 
charger's center housing. 
0005 Electric motors are sensitive to heat and contamina 
tion. Accordingly, controlling heat and oil migration, which 
are common issues associated with turbochargers, becomes 
more problematic in electrically-assisted turbocharger appli 
cations. For example, excessive heat may overheat stator coils 
and may damage permanent magnets. Moreover, oil contami 
nation can create viscous drag between the motor's rotor and 
stator as well as transport dirt and debris into the gap between 
the rotor and stator. 
0006. Accordingly, there is a need for an electrically-as 
sisted turbocharger design that inhibits oil migration into the 
motor and provides adequate cooling of the motor compo 
nentS. 

SUMMARY 

0007 Provided herein is an electrically assisted turbo 
charger comprising a housing and an electric motor stator 
disposed in the housing. The stator includes a pair of o-rings, 
or other circumferential seals, disposed therearound. The 
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o-rings are operative to seal againstan interior of the housing 
to form an annular chamber around at least a portion of the 
stator and a pair of end cavities at the axial ends of the stator. 
The annular chamber is adapted to allow the circulation of a 
cooling fluid around the stator. 
0008. In certain aspects of the technology described 
herein, a pair ofbearings may be disposed in the housing, one 
on each side of the stator. A shaft is Supported in the housing 
by the bearings. The shaft in turn supports a turbine wheel and 
a compressor wheel. An electric motor rotor is disposed on 
the shaft between the bearings and inside the stator. 
0009. In another aspect of the technology, a pair of collars 
are attached to the shaft, each located between the rotor and a 
corresponding bearing. Each collar includes a cylindrical 
flinger portion adjacent its corresponding bearing. The cylin 
drical flinger portion includes a plurality of radial drain holes, 
or notches, such that oil entering a recessed region of the 
cylindrical flinger portion from the bearing is projected, or 
flung, radially outward through the drain holes where it drains 
away from the collar. Each collar includes a spacer portion 
opposite the cylindrical flinger portion and a piston ring 
located between the spacer portion and cylindrical flinger 
portion. 
0010. In yet other aspects of the technology, the spacer 
portion has an axially facing locating Surface, or face, that 
abuts the rotor and the cylindrical flinger portion has an 
axially facing Surface that abuts a corresponding axial face of 
the bearing, thereby axially locating the rotor and shaft rela 
tive to the bearings. The spacer portion includes an axially 
facing flinger Surface that confronts an inner Surface of a 
corresponding end cavity, wherein the flinger Surface is 
operative to direct oil migrating past the piston ring to travel 
along the inner surface of the end cavity where it is then 
drained away from the stator. 
0011. Accordingly, the collars provide primary, second 
ary, and tertiary oil migration control structures to inhibit the 
migration of oil into the gap between the rotor and stator. 
Primary oil control is provided by the cylindrical flinger 
portion. The cylindrical flinger portion directs oil away from 
the piston ring and toward various oil outlet passages formed 
in the housing. Secondary oil control is provided by the piston 
ring. Any oil that migrates past the cylindrical flinger portion 
is inhibited from migrating further by the piston ring seal. 
Finally, tertiary oil migration control is provided by the axi 
ally facing flinger Surface of the spacer portion. Any oil that 
migrates past the piston ring is flung off of the collar and 
directed along an inner Surface of the end cavity and allowed 
to drain through one of various oil outlet passages formed in 
the housing. 
0012. These and other aspects of the electrically assisted 
turbocharger will be apparent after consideration of the 
Detailed Description and Figures herein. It is to be under 
stood, however, that the scope of the invention shall be deter 
mined by the claims as issued and not by whether given 
Subject matter addresses any or all issues noted in the back 
ground or includes any features or aspects recited in this 
Summary. 

DRAWINGS 

0013 Non-limiting and non-exhaustive embodiments of 
the electrically assisted turbocharger, including the preferred 
embodiment, are described with reference to the following 
figures, wherein like reference numerals refer to like parts 
throughout the various views unless otherwise specified. 
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0014 FIG. 1 is a partial cross-sectional perspective view 
of an electrically assisted turbocharger according to an exem 
plary embodiment; 
0015 FIG. 2 is an enlarged partial cross-sectional perspec 

tive view of the compressor end bearing and collar arrange 
ment shown in FIG. 1; and 
0016 FIG.3 is an enlarged partial cross-sectional perspec 

tive view of the turbine end bearing and collar arrangement 
shown in FIG. 1. 

DETAILED DESCRIPTION 

0017 Embodiments are described more fully below with 
reference to the accompanying figures, which form a part 
hereof and show, by way of illustration, specific exemplary 
embodiments. These embodiments are disclosed in sufficient 
detail to enable those skilled in the art to practice the inven 
tion. However, embodiments may be implemented in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein. The following detailed 
description is, therefore, not to be taken in a limiting sense. It 
should be understood that not all of the components of a 
turbocharger are shown in the figures and that the present 
disclosure contemplates the use of various turbocharger com 
ponents as are known in the art. Turbocharger construction is 
well understood in the art and a full description of every 
component of a turbocharger is not necessary to understand 
the technology of the present application, which is fully 
described and disclosed herein. 
0018. The electrically assisted turbocharger 1, shown in 
FIG. 1, includes a housing 3 and an electric motor 20 disposed 
in the housing. Electric motor 20 includes a stator 22 and a 
rotor 24 disposed on shaft 7. Stator 22 includes an armature 
26 that Supports a plurality of coil windings 28 as is known in 
the art. In the case of a permanent magnet motor, rotor 24 may 
include a plurality of permanent magnets. Other types of 
motors may be used, Such as for example a Switched reluc 
tance motor. Electric motor 20 is connected via suitable con 
ductive connections to the appropriate controls and power 
Source as are well understood in the art. 
0019 Stator armature 26 includes a pair of circumferential 
grooves 202 and 206 in which are disposed a pair of O-rings 
204 and 208, respectively. O-rings 204 and 208 are operative 
to seal against an interior wall of housing 3, thereby forming 
an annular chamber 130 that extends around at least a portion 
of stator 22. Annular chamber 130 is adapted to circulate 
cooling fluid, such as oil, around the stator 22. Oil may be 
circulated in annular chamber 130 via port 132. As can be 
appreciated from the figure, a pair of end cavities 122 and 126 
are created on either end of the stator 22. Thus, the interior of 
housing 3 is divided into at least three chambers: annular 
chamber 130 and two end cavities 122 and 126. While annular 
chamber 130 is flooded with cooling oil, the end cavities 122 
and 126 are intended to remain free of oil. End cavities 122, 
126 are sealed on one side by a corresponding one of the 
o-rings 204, 208 and sealed on the other side by a correspond 
ing collar 32, 30, described more fully below. 
0020 Shaft 7 is supported in housing 3 by journal bearings 
10 and 12 that are disposed in the housing 3 on each side of the 
rotor 24. Disposed on shaft 7 is a turbine wheel 5 and a 
compressor wheel (not shown) that comprise the working 
portions of the turbocharger, as known in the art. Collars 30 
and 32 are attached to shaft 7 on either side of the rotor 24 and 
are disposed between the rotor and a corresponding bearing 
12 and 10, respectively. Collars 30 and 32 are operative to 
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axially locate the rotor as well as provide primary, secondary, 
and tertiary sealing structures to prevent oil from migrating 
into the gap between the rotor 24 and stator 22. Collars 30 and 
32 may be pressed onto shaft 7 thereby capturing and locating 
rotor 24 on the shaft. 
0021. With reference to FIG. 2, it can be appreciated that 
the compressor end collar 30 includes a spacer portion 304 
and a cylindrical flinger portion 308 extending therefrom. As 
in this case, spacer portion 304 may be machined with fea 
tures, such as groove 306, to reduce the rotating mass of the 
collar. However, it should be understood that the groove may 
be omitted or the groove may have a different cross-section 
than that shown in the figures. Also, material in this area may 
be removed from one or both of the collars 30.32 as necessary 
to dynamically balance the shaft and rotor assembly. The 
outside diameter of the compressor end collar 30, in this case 
spacer portion 304, is sized such that it fits through the inner 
diameter X of stator 22 in order to facilitate assembly of the 
turbocharger. Collars 30 and 32 may be comprised of any 
Suitable material Such as aluminum, Steel, titanium, or the 
like. 
0022 Spacer portion 304 includes an axially-facing locat 
ing surface, or face, 302 that abuts rotor 24. Cylindrical 
flinger portion 308 has an axially-facing surface 309 that 
confronts a corresponding axially-facing Surface on bearing 
12. Accordingly, collar 30 and, in a similar fashion, collar 32 
are operative to locate rotor 24 and shaft 7 with respect to 
bearings 10 and 12. 
0023 Cylindrical flinger portion 308 includes a plurality 
of radial drain holes 310 intersecting with a recessed region 
332. A piston ring groove 314 is formed around a circumfer 
ence of collar 30 between cylindrical flinger portion 308 and 
spacer portion 304. Piston ring 40 is disposed in groove 314 
and is operative to provide a seal betweenhousing 3 and collar 
30. Spacer portion 304 includes an axially-facing flinger sur 
face 312. Flinger surface 312 extends into end cavity 126 and 
cooperates with end cavity surface 123 to move oil away from 
the rotor 24. 
0024 Journal bearings 10 and 12 are fed with oil via oil 
feed passages, such as oil feed passage 102, shown in FIG. 2. 
Oil fed to journal bearing 10 is substantially the same as the 
oil fed to journal bearing 12 and only journal bearing 12 is 
described herein. In this case, oil fed to bearing 12 drains via 
oil drain passages 104 and 106 that both empty into a common 
oil plenum 114. Collar 30 includes a primary, or first, oil 
control structure in the form of the cylindrical flinger portion 
308. Oil draining from bearing 12 toward collar 30 enters 
recessed region 332 and is flung through holes 310, via cen 
trifugal force, towards an annular groove 330 formed in hous 
ing 3 and aligned with drain holes 310. Drain passage 104 
intersects with annular groove 330 whereby oil flung into 
groove 330 may drain through passage 104 into the common 
oil plenum 114. In this way, cylindrical flinger portion 308 
directs oil away from the piston ring 40. 
0025 Piston ring 40 acts as a secondary, or second, seal 
structure that inhibits any oil that is able to migrate past the 
cylindrical flinger portion 308 from migrating further along 
the leak path towards the rotor and stator. Piston ring 40 may 
be a standard piston ring seal as are known in the art and may 
be comprised of steel, for example. Piston ring 40 provides a 
seal between housing 3 and collar 30 as shown in the figures. 
0026. However, if any oil is able to migrate past piston ring 
40, the axially-facing flinger surface 312 of spacer portion 
304 acts as a tertiary, or third, seal and flings the remaining oil 
radially along inner surface 123 of end cavity 126. Oil 
directed along surface 123 then drains into the oil plenum 114 
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via another oil drain passage, similar to the oil drain passage 
112 associated with end cavity 122, which is explained fur 
ther below with reference to FIG. 3. 
0027. The collar and bearing arrangement of the turbine 
end, shown in FIG.3, is similar to that of the compressor end. 
The turbine end includes bearing 10 which supports shaft 7 
adjacent the turbine wheel 5. Collar 32 is disposed between 
bearing 10 and rotor 24. It is contemplated that identical 
collars could be used on both the compressor and turbine ends 
of a turbocharger. In this case, however, there are differences 
between collars 30 and 32 as explained below. 
0028 Collar 32 includes a cylindrical flinger portion 328 
similar to that of collar30. In this case, rather thandrain holes, 
collar 32 includes a plurality of drain notches 311. Opposite 
the cylindrical flinger portion 328 is the spacer portion 324 
with optional groove 326 formed therearound. Locating Sur 
face 322 abuts rotor 24, and an oppositely-facing axial Surface 
317 abuts the bearing 10, thereby locating the rotor 24 and 
shaft 7. Collar 32 includes piston ring groove 315 and piston 
ring 42. Spacer portion 324 also includes an axially-facing 
flinger surface 313 which confronts inner surface 124 of end 
cavity 122. 
0029. As with the compressor end collar 30, the turbine 
side collar 32 includes primary, secondary, and tertiary seal 
ing structures. Specifically, the cylindrical flinger portion 328 
ejects, or flings, oil entering recessed region 334 via drain 
notches 311 into groove 336. Groove 336 drains into oil drain 
passage 108 and into oil plenum 114. Any oil migrating past 
the cylindrical flinger portion 328 is prevented from migrat 
ing further by piston ring 42. However, in the event any oil is 
able to migrate past piston ring 42, the flinger Surface 313 
propels the oil under centrifugal force along Surface 124 of 
end cavity 122. Oil draining along inner Surface 124 is 
drained through oil passage 112 into common oil plenum 114. 
0030 Collars 30 and 32 may include cooperative indexing 
features to prevent the rotor 24 from rotating with respect to 
shaft 7 and collars 30,32. For example, collar 32 includes one 
or more slots 318 formed in locating surface 322 that mate 
with corresponding protrusions 218 projecting from rotor 24. 
Accordingly, when collars 30 and 32 are pressed onto shaft 7 
on either side of rotor 24, at least one of the collars engages 
the rotor in order to prevent rotation of the rotor 24 relative to 
shaft 7. In this case, the slots are shown in collar 32; however, 
as an alternative, the slots may be formed in the rotor and the 
protrusions included on the collar. 
0031 End cavities 122 and 126 may be provided with a 
positive pressure source in order to further inhibit oil migra 
tion into the end cavities. Suitable pressure sources include, 
for example and without limitation, truck air, turbine inlet/ 
waste gate pressure, or compressed gas from a separate turbo 
stage. It is further contemplated that end cavities 122 and 126 
may be supplied with air to provide additional cooling to the 
StatOr. 

0032. Accordingly, the electrically assisted turbocharger 
has been described with some degree of particularity directed 
to the exemplary embodiments. It should be appreciated, 
though, that modifications or changes may be made to the 
exemplary embodiments without departing from the inven 
tive concepts contained herein. 

1. An electrically assisted turbocharger (1), comprising: 
a housing (3): 
an electric motor stator (22) disposed in the housing.(3); 

and 
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a pair of circumferential seals (204, 208) disposed on the 
stator (22) and operative to seal against an interior of the 
housing (3) to form an annular chamber (130) around at 
least a portion of the stator (22) and a pair of end cavities 
(122, 126) located at axial ends of the stator (22). 

2. The turbocharger (1) according to claim 1, wherein the 
annular chamber (130) is adapted to facilitate circulation of a 
cooling fluid around the stator (22). 

3. The turbocharger (1) according to claim 1, wherein the 
circumferential seals (204, 208) comprise o-rings. 

4. The turbocharger (1) according to claim 1, further com 
prising a pair of bearings (10.12) disposed in the housing (3), 
one on each side of the stator (22); 

a shaft (7) supported in the housing (3) by the bearings (10. 
12): 

a turbine wheel (5) and a compressor wheel supported on 
the shaft (7); and 

an electric motor rotor (24) disposed on the shaft (7) 
between the bearings (10.12) and inside the stator (22). 

5. The turbocharger (1) according to claim 4, further com 
prising a pair of collars (30.32) attached to the shaft (7), each 
located between the rotor (24) and a corresponding bearing 
(10, 12), wherein each collar (30, 32) includes a cylindrical 
flinger portion (308) adjacent a corresponding bearing (10. 
12). 

6. The turbocharger (1) according to claim 5, wherein the 
cylindrical flinger portion (308) includes a plurality of radial 
drains (310), such that oil entering a recessed region (332) of 
the cylindrical flinger portion (308) from the bearing (10,12) 
is projected radially outward through the drains (310). 

7. The turbocharger (1) according to claim 6, wherein each 
collar (30, 32) includes a spacer portion (304) opposite the 
cylindrical flinger portion (308) and a piston ring (40) located 
between the spacer portion (304) and the cylindrical flinger 
portion (308). 

8. The turbocharger (1) according to claim 7, wherein the 
spacer portion (304) includes an axially facing locating Sur 
face (302) adapted to abut the rotor (24), and wherein the 
cylindrical flinger portion (308) includes an axially facing 
surface (309) adapted to abut a corresponding axial face of the 
bearing (10, 12), thereby axially locating the rotor (24) and 
shaft (7) relative to the bearings (10, 12). 

9. The turbocharger (1) according to claim 8, wherein the 
spacer portion (304) includes an axially facing flinger Surface 
(312) confronting an inner Surface (123) of a corresponding 
end cavity (122, 126), wherein the flinger surface (312) is 
operative to direct oil migrating past the piston ring (40) to 
travel along the inner surface (123) of the end cavity (122. 
126). 

10. An electrically assisted turbocharger (1), comprising: 
a housing (3): 
an electric motor Stator (22) disposed in the housing (3): 
a pair of bearings (10.12) disposed in the housing (3), one 

on each side of the stator (22); 
a shaft (7) supported in the housing (3) by the bearings (10. 

12): 
a turbine wheel (5) and a compressor wheel supported on 

the shaft (7): 
an electric motor rotor (24) disposed on the shaft (7) 

between the bearings (10.12) and inside the stator (22); 
and 

a pair of collars (30, 32) attached to the shaft (7), each 
located between the rotor (24) and a corresponding bear 
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ing (10, 12), wherein each collar (30, 32) includes a 
cylindrical flinger portion (308) adjacent its correspond 
ing bearing (10.12). 

11. The turbocharger (1) according to claim 10, further 
comprising a pair of circumferential seals (204, 208) disposed 
on the stator (22) and operative to seal against an interior of 
the housing (3) to form an annular chamber (130) around at 
least a portion of the stator (22) and a pair of end cavities (122. 
126) located at axial ends of the stator (22), wherein the 
annular chamber (130) is adapted to facilitate circulation of a 
cooling fluid around the stator (22). 

12. The turbocharger (1) according to claim 10, wherein 
the cylindrical flinger portion (308) includes a plurality of 
radial drains (310). Such that oil entering a recessed region 
(332) of the cylindrical flinger portion (308) from the bearing 
(10, 12) is projected radially outward through the drains 
(310). 

13. The turbocharger (1) according to claim 12, wherein 
each collar (30.32) includes a spacer portion (304) opposite 
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the cylindrical flinger portion (308) and a piston ring (40) 
located between the spacer portion (304) and the cylindrical 
flinger portion (308). 

14. The turbocharger (1) according to claim 13, wherein 
the spacer portion (304) includes an axially facing locating 
surface (302) adapted to abut the rotor (24), and wherein the 
cylindrical flinger portion (308) includes an axially facing 
surface (309) adapted to abut a corresponding axial face of the 
bearing (10, 12), thereby axially locating the rotor (24) and 
shaft (7) relative to the bearings (10, 12). 

15. The turbocharger (1) according to claim 14, wherein 
the spacer portion (304) includes an axially facing flinger 
surface (312) confronting an inner surface (123) of a corre 
sponding end cavity (122, 126), wherein the flinger surface 
(312) is operative to direct oil migrating past the piston ring 
(40) to travel along the inner surface (123) of the end cavity 
(122, 126). 


